Western A ustralia 6009, A ustralia Summary. The semen deposited by rams into ewes at a single insemination was estimated from the semen samples collected into intravaginal devices before and after the rams had been mated to oestrous ewes. Of 109 naturally cyclic ewes receiving >60 \m=x\106 spermatozoa (from 5 rams with ejaculates containing <10\m=x\106\p=n-\ 1000 \m=x\106 spermatozoa) 95% became pregnant compared with 31% (P < 0\m=.\001) of ewes receiving <60 \m=x\106 spermatozoa. It is concluded that the number of spermatozoa deposited at a single insemination by continuously mated rams may be insufficient to ensure good fertility, and that more than one insemination may be necessary.
Introduction
In artificial insemination (A.I.), for which the aim is to utilize spermatozoa as sparingly as possible, a minimum dose of 120-125 IO6 spermatozoa per insemination will lead to a normal rate of conception (Salamon, 1962; Allison & Robinson, 1971) . No equivalent minimum dose for natural insemination has been proposed because it is difficult to measure the numbers of spermatozoa which a ram ejaculates into the vagina of the ewe. It might be assumed that the minimum dose for optimum fertility is higher than for A.I. because rams are presumably less accurate than inseminators in placing semen in the mouth of the cervix.
In this experiment we have devised a method of estimating the number of spermatozoa received by naturally mated ewes and have used this to estimate the minimum number necessary to ensure a reasonable chance of conception.
Materials and Methods
The experiment was carried out during the spontaneous breeding season of Merino ewes (February to March in 1979 and 1980) in the south of Western Australia.
Animals
Two hundred (200) intact 4-year-old and 120 ovariectomized Merino ewes together with 6 vasectomized (teasers) and 5 intact mature Merino rams, were used. All animals were fed ad libitum a ration of lupin grain and meadow hay throughout the experiment.
Experimentalprocedure
Depletion of sperm reserves in intact rams. Oestrus was induced in ovariectomized ewes by injecting them subcutaneously every 2 days for 14 days with 20 mg progesterone (Calbiochem, California, U.S.A.) and then 48 h later with 60 µg oestradiol benzoate (Intervet, Oss, The Netherlands) (Robinson, Moore & Binet, 1956) . Each intact ram was enclosed separately with 4 fresh oestrous (induced) ewes each day for different numbers of days. The longer the ram remained and mated with oestrous ewes the further his reserves of spermatozoa were depleted. We were thus able to select, within limits, rams with predictable numbers of spermatozoa per ejaculate.
Detection of oestrus in, and mating of, intact ewes. The intact ewes were run continuously with teaser rams fitted with 'Sire-Sine' harnesses and marking crayons (Radford, Watson & Wood, 1960) . The teasers were fitted with cloth aprons to prevent intromission and insemination of the ewes.
At 08:00 and 17:00 h each day, ewes coming into oestrus in the previous 9-15 h (identified by crayon marks on the backs) were removed from the flock. A ram was selected and the ram and a ewe were left alone in the mating pen until mating was completed. Each ewe received only one ejaculation at the mating.
Determination of the number of spermatozoa inseminated. At 30 min before and 30 min after each intact ewe was inseminated by an intact ram, the ram was allowed to ejaculate into an ovariectomized ewe in which oestrus was induced as previously described and which was fitted with an intravaginal semen collector device (Synnott, Fulkerson & Lindsay, 1981) . The numbers of spermatozoa ejaculated into the 2 ovariectomized ewes were plotted against time and a line drawn between the two points. From this relationship and from a knowledge of the time at which the intact ewes were mated, the number of spermatozoa deposited into each intact ewe was estimated. Pregnancy diagnosis. Pregnancy was determined at 8 weeks after mating by recording returns to service up to that time, and then verified by laparoscopy.
Analysis of semen. The semen collection device was removed from the ewe and the spermatozoa were thoroughly washed with 400 ml saline (9 g NaCl/1) plus 0-1% (v/v) of 40%
formaldehyde. The number of spermatozoa was counted on a Coulter Counter using the method of Iversen (1963) . The ratio of live to dead spermatozoa was estimated for each ram and the final estimate of the number of live spermatozoa deposited by the ram was calculated from this ratio and the known rate of recovery of spermatozoa from the semen collection device (Synnott et al, 1981) .
Results
A total of 109 ewes was inseminated by rams. Ewes were grouped according to the estimated numbers of live spermatozoa they received at mating. Text-figure 1 shows that 95% (39/42) of ewes became pregnant when they received more than 60 106 spermatozoa in a single ejaculate at that mating. The rate of pregnancy in ewes receiving 50 IO6 spermatozoa or fewer was significantly lower (31%; < 0-001 2 test) and varied between 9 and 47% per class group.
Discussion
Contrary to expectation only 60 IO6 spermatozoa from a single natural service were necessary for good conception under the conditions of this experiment. By contrast, a single artificial insemination requires twice as many spermatozoa for equivalent conception (Salamon, 1962;  Text- fig. 1 . Percentage of ewes pregnant in relation to the estimated number of spermatozoa received from a single ejaculate at mating. The number of animals contributing to each group is indicated in parentheses.
Allison & Robinson, 1971) . Assuming that semen of equivalent quality is used, the only consistent differences between natural and artificial insemination appear to be the absence of, or interruption to, normal courtship behaviour of the ewe and the stress associated with handling and strange surroundings when A.I. is used. If these factors are as important as our results suggest, a review of A.I. techniques to account for them would be worthwhile. Restall (1961) has already shown that A.I. was more successful when ewes were returned to vasectomized rams immediately after insemination than when they were isolated from rams. On the other hand a large farmer-based organization in Western Australia has claimed success for a technique in which semen is deposited by pipette blindly into the vagina (J. H. Shepherd, personal communication). It seems possible that the absence of obvious stress to the ewes in this technique may be compensating for the haphazard placement of semen. In natural service, rams often deposited fewer spermatozoa per service (Allison, 1972; Synnott et al, 1981) than we have shown here to be adequate for good conception. Indeed, some of the rams in this study produced less than one-fifth of an adequate dose after continual mating. Therefore, observations in the field that the chances of a ewe conceiving are related to the number of times she is served (Mattner & Braden, 1967) or the more rams with which she mates (Knight & Lindsay, 1973) can be explained on the basis of inadequate numbers of spermatozoa in a single insemination.
